Preliminary Study of Neutralizing Mimotope Vaccine for High Pathogenic Avian Influenza Virus H5N1 by 林亦伟
目录 
 1
学校编码：10384                                     分类号      密级        
学    号：200326062                                 UDC                   
 
 
硕  士  学  位  论  文 
高致病性禽流感病毒 H5N1 中和表位 
模拟肽疫苗初步研究  
Preliminary Study of Neutralizing Mimotope Vaccine for   




  指导教师姓名： 张 军 教 授 
  专 业 名 称： 细胞生物学 
  论文提交日期： 2006 年 7 月 
  论文答辩日期： 2006 年 8 月 
  学位授予日期： 2006 年  月 
  
答辩委员会主席：           
评    阅    人：           
 























                        声明人（签名）：林亦伟 
























  1、保密（∨），在 2007 年解密后适用本授权书。 




作者签名：林亦伟   日期：2006 年 8 月 18 日 



















目  录 
目  录 .................................................................................................................................................. 4 
摘  要 .................................................................................................................................................. 7 
ABBREVIATION（缩略词） .................................................................................................. 11 
前  言 ................................................................................................................................................ 13 
1. 禽流感的危害及流感病毒致病机理概述 .................................................................... 13 
1.1. 禽流感的流行与危害................................................................................................... 13 
1.2. 禽流感病毒主要蛋白与病毒感染及致病的关系 .............................................. 14 
2. 禽流感相关疫苗的研究进展 ............................................................................................ 16 
2.1. 灭活及减毒疫苗 ............................................................................................................ 16 
2.2. 基因工程疫苗 ................................................................................................................. 18 
2.3. DNA 疫苗 ......................................................................................................................... 19 
2.4. 抵制禽流感的理想武器－通用疫苗 ...................................................................... 20 
3. 表位疫苗：禽流感疫苗构建新策略.............................................................................. 22 
3.1. 表位疫苗研制的理论基础 ......................................................................................... 22 
3.2. 多表位疫苗的设计方案 .............................................................................................. 23 
3.3. 表位疫苗的应用现状................................................................................................... 24 
3.4. 表位疫苗的的优势，存在问题及展望 ................................................................. 25 
4．噬菌体表面展示肽库技术 ............................................................................................... 26 
4.1. 噬菌体肽库技术的诞生与发展................................................................................ 26 
4.2. 噬菌体肽库技术产生的理论基础........................................................................... 27 
4.3. 从噬菌体肽库筛选亲和配体的基本原理 ............................................................ 27 
4.4. 噬菌体肽库的展示载体 .............................................................................................. 29 
4.5. 噬菌体肽库的类型 ....................................................................................................... 31 
4.6. 噬菌体肽库的应用及前景 ......................................................................................... 31 
5. 本论文的研究目的，思路及意义................................................................................... 39 















1. 材料 ....................................................................................................................................... 41 
1.1. 主要仪器 .......................................................................................................................... 41 
1.2. 主要试剂与材料 ............................................................................................................ 42 
1.3. 常用溶液及培养基配制 .............................................................................................. 43 
2. 方法 ....................................................................................................................................... 47 
2.1. 基因克隆 .......................................................................................................................... 47 
2.2. 重组蛋白的表达与纯化 .............................................................................................. 50 
2.3. 蛋白性质的分析方法................................................................................................... 52 
2.4. 细胞实验 .......................................................................................................................... 54 
2.5. 噬菌体随机环 7 肽库相关操作................................................................................ 56 
结果与分析 ....................................................................................................................................... 59 
第一部分 单抗 8H5 表位模拟肽的筛选及性质分析 ................................................... 59 
1.1. 噬菌体环 7 肽库 PH.D.-C7C 的库容鉴定 ............................................................ 59 
1.2. 肽库的筛选及富集效果分析 .................................................................................... 59 
1.3. ELISA 筛选阳性噬菌体克隆 ..................................................................................... 60 
1.4. DNA 及短肽氨基酸序列分析 ................................................................................... 61 
1.5. 阳性噬菌体多肽的特异性鉴定................................................................................ 62 
1.6. 阳性噬菌体多肽的免疫原性分析........................................................................... 63 
1.7. 化学合成多肽的免疫原性分析................................................................................ 68 
第二部分 8H5 表位模拟肽的颗粒化表达及活性鉴定 ................................................ 71 
2.1. 以突变型 HBC 为载体的表位模拟肽表达质粒的构建 ................................... 71 
2.2. 重组蛋白的表达及纯化 .............................................................................................. 73 
2.3. 重组蛋白的动态光散射分析 .................................................................................... 74 
2.4. 重组蛋白的电镜观察................................................................................................... 75 
2.5. 重组蛋白活性的 ELISA 检测................................................................................... 76 
2.6. 重组蛋白的免疫原性检测 ......................................................................................... 77 
讨论 ..................................................................................................................................................... 79 















4.2. 多肽 8A 不同免疫方案的尝试及其免疫原性分析........................................... 84 
4.3. 类病毒颗粒的制备及用途 ......................................................................................... 86 
4.4. 小结 .................................................................................................................................... 87 




























基因中和性单克隆抗体 8H5 为靶分子，对噬菌体随机环 7 肽库进行了筛选。在
筛选过程中，对传统方法进行了一定的优化，诸如液相筛选及负筛选的应用等，
有效地提高了筛选的严谨度。通过噬菌体 ELISA 及 DNA 测序，成功得到了特异
性较高的三个 7 肽 8A，8C 及 8E。  
 
接着，以特异性 好的噬菌体环 7 肽 8A 经纯化后免疫 BALB/c 小鼠，检测
抗血清以分析其免疫原性。检测方法包括 ELISA 及免疫荧光试验。结果显示免
疫血清对灭活 H5N1 毒株 YU22，多肽与 HEV ORF2 a.a.368-606 片段的融合蛋白，
以及表达 HA 的 HELA 细胞均具有结合活性，且对单抗 8H5 与 YU22 的结合有
竞争性抑制作用，从而验证了针对 HA 蛋白的特异性抗体的产生。7 肽 8A 与 HA
氨基酸序列无同源性，可能是模拟 HA 天然构象的表位肽。 
 




















    本研究进一步尝试了将 7 肽展示于 HBcAg 类病毒颗粒表面。在重组蛋白的
原核表达过程中，不同多肽对重组蛋白的表达形式有明显影响，分别以可溶性蛋
白和不溶的包涵体形式存在。对重组蛋白 C149-8A 及 C149-8C 进行较深入的研
究，C149-8C 表达于细胞上清，经硫酸铵沉淀的初步纯化样品可在电镜下观察到
直径分别约为 35nm 及 20nm 的类病毒颗粒；C149-8A 以包涵体形式表达，纯化
蛋白经巯基乙醇解聚后透析复性亦能形成相同大小的类病毒颗粒。两种颗粒与单
抗 8H5 均具有反应活性。将其分别免疫 BALB/c 小鼠，从免疫荧光试验结果得



























Avian Influenza, the new threat against we human beings, has been on the stage over the 
past few years and still yet to give their ways. Cases of human infection have raised 
international concern that we could be on the brink of a global influenza pandemic. Since 
many of these infections have been able to transmit efficiently from person to person, the 
effect would have been devastating. The outbreak of the last human infection caused by 
H5N1, a high pathogenic avian influenza virus, spread over ten Southeast Asian countries 
and is definitely more severe than ever. It is high time we armed ourselves against this 
pandemic threat. Of potential weapons in the arsenal, we here make a brief review of 
avian influenza vaccines, focusing on the seemingly more promising one: the epitope 
vaccine. 
 
Since phage peptide library technique is among the most important tools in the study of 
antigen epitope, we would try to make use of this ideal one. Based on the excellent work 
of AIV mAbs preparation in our lab, we screened the phage random cyclic heptapeptide 
library with 8H5, a representative AIV HA neutralizing mAb as the target molecular. 
During this process, we made some improvement for the conventional biopanning 
methods, such as the application of solution-phase binding screening and negative 
selection. By phage ELISA and DNA sequencing, we successfully obtained three 
heptapeptides, namely, 8A, 8C and 8E, that showed highly and specific affinity for mAb 
8H5.  
 
Then we immunized BALB/c mice with purified phage-peptide 8A and trailed the trend 
of polyclonal antibodies in mice serum to analyze its immunogenicity, the methods of 
which included ELISA and Immunofluorescence assay. The results showed affinity of 
immune serum for inactivated H5N1 strain YU22, the recombinant protein of 
correspinding peptide and HEV a.a.368-606, and HELA cells expressing HA, in addition 
to the competitive restriction of serum on the binding of YU22 and mAb 8H5, all to 
demonstrate the induction of antibodies specific for HA and the probability of peptide 8A 

















Next we immunized BALB/c mice with chemically synthesized peptide Th-8A (cyclic 
heptapeptide 8A linked to the C-terminal of a dodecapeptide containing a Th epitope) 
combined with freund's adjuvant. ELISA and Immunofluorescence assay demonstrated 
that antibodies specific for HA could also be induced, and the titer of antibodies raised 
more quickly. What’s more, it could circumvent the induction of M13-specific antibodies 
and the potential side effect of phage injection. So it could be the better one between.  
 
Further more, we tried to display cyclic heptapeptides on the surface of virus-like particle 
of HBcAg. Recombinant proteins through procaryotic expression could be soluble or in 
form of inclusion body due to different peptides inserted. We took recombinant proteins 
C149-8A and C149-8C for further study. Using electron microscope，we could see 
virus-like particles of soluble C149-8C with diameters of about 20nm and 35nm, 
respectively, after the purification process of ammonium sulphate precipitation. While 
protein C149-8A was in form of inclusion body, it could also form VLPs through 
mercaptoethanol depolymerization and dialysis into PBS. Both proteins mentioned above 
showed affinity for mAb 8H5. We then immunized BALB/c mice with these two VLPs 
separately and found by Immunofluorescence assay the affinity of serum of mice 
immunized with C149-8C for SF21 cell expressing HA, which indicated the induction of 
antibodies specific for HA. The immunization of C149-8A was still underway and its 
efficiency remained to be valued.   
 
In conclusion, through the screening and analysis of mimic epitope of AIV HA, and the 
construction of recombinant virus-like particles, we try to found the basis for the research 
of Recombinant Virus-Like Particles Epitope Vaccine for Avian Influenza. 
 
















AD: Antigenic determinant, 抗原决定簇 
AI: Avian Influenza, 禽流感 
AIV: Avian Influenza Virus, 禽流感病毒 
Amp: Ampicillin, 氨苄青霉素 
BCR: B cell receptor, B 细胞抗原受体 
BSA: BovineSerum Albumin, 牛血清白蛋白 
CTL: Cytolytic T lymphocyte, 细胞毒性 T 淋巴细胞 
Da: Dalton, 道尔顿 
ELISA: Enzyme-Linked ImmunoSorbant Assay, 酶联免疫吸附测定 
FITC: Fluorescein isothiocyanate, 异硫氰酸荧光素  
GAM: Goat Anti-Mouse, 山羊抗小鼠 
GAMA: Goat Anti-Mouse Antibody, 人抗鼠抗体 
HA: Hemagglutinin, 血凝素 
HB: Hepatitis B, 乙型肝炎（乙肝） 
HE: Hepatitis E, 戊型肝炎（戊肝） 
HEV: Hepatitis E virus, 戊型肝炎病毒 
HIV: Human Immunodeficiency Virus, 艾滋病毒 
HPAIV: High pathogenic avian influenza virus, 高致病禽流感病毒 
HRP: Horseradish Peroxidase, 辣根过氧化物酶 
Ig: Immunoglobulin, 免疫球蛋白 
kDa: kilo Daltons, 千道尔顿 
Kan: Kanamycin, 卡那霉素 
MAb: Monoclonal Antibody, 单克隆抗体, 单抗 
MAP: Multiple antigen peptide, 多抗原肽 
MHC: Major histocompatibility complex, 主要组织相容性复合体 















NA: Neurominidase, 神经氨酸酶 
NP: Nucleocapsid, 核壳蛋白 
NS: Nonstructural, 非结构蛋白 
ORF: Open Reading Frame, 开放读码框架 
Pab: Policlonal Antibody, 多克隆抗体，多抗 
PCR: polymerase chain reaction, 聚合酶链式反应 
PEG: Polyethylene Glycol, 聚乙二醇系列 
PFU: Phage forming unit, 空斑形成单位 
RNPs: Ribonucleoproteins, 核糖核蛋白体 
SAS: Saturated ammonium sulfate, 饱和硫酸铵 
ssDNA: Single-stranded DNA, 单链 DNA 
TAP: Transporter associated with antigen processing, 抗原加工相关转运体 
TCR: T cell receptor, T 细胞抗原受体 
TEM: Transmission Electron Microscopy, 透射电子显微镜 
Tet: tet-racycline, 四环素 
Th: Helper T cell, 辅助性 T 细胞 
TNF: Tumor necrosis factor, 肿瘤坏死因子 
VLP(s): Viral-Like Particle(s), 类病毒颗粒 















前  言 












1.1. 禽流感的流行与危害  
禽流感（avian influenza，AI），又称真性鸡瘟（Fowl Plague），是一种由禽流
感病毒引起的急性高致死性传染病，世界动物卫生组织（World Organization for 
Animal Health，OIE）已将其定为 A 类传染病[1]。1878 年世界上首次报道了禽流感
的流行。我国于 1991 年在广东省分离到禽流感病毒，1997 年首次出现病毒直接由
禽传人事件，共造成 6 人死亡[1]。之后整个疫情呈不断扩大的趋势，遍及我国十几





























































Fig.1-2 The structure of the influenza virus particle 































苗的类型及研究手段多样，“All of those efforts moving forward gives us more weapons 
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